Metabolic and behavioral responses to high-fat feeding in mice selectively bred for high wheel-running activity.
Increased dietary fat intake is a precipitating factor for the development of obesity and associated metabolic disturbances. Physically active individuals generally have a reduced risk of developing these unhealthy states, but the underlying mechanisms are poorly understood. In the present study, we investigated the effects of feeding a high-fat diet (HFD) on obesity development and fuel homeostasis in male and female mice with a trait for increased physical activity and in their controls. Male and female mice selectively bred for a high level of wheel running behavior over 30 generations and nonselected controls (background strain Hsd:ICR) were maintained on a standard lab chow high-carbohydrate diet (HCD) or on an HFD (60% fat). Food intake, body weight, indirect calorimetry parameters, spontaneous locomotor activity and several hormones relevant to metabolism and energy balance were measured. On HFD, mice reduced food intake and increased body fat mass and plasma leptin levels, with the notable exception of the selected females, which increased their ingested calories without any effects on body mass or plasma leptin levels. In addition, they had an elevated daily energy expenditure (DEE), increased spontaneous cage activity ( approximately 700% relative to controls) and higher resting metabolic rate (RMR) on the HFD compared with feeding the HCD. The selected males also had a higher DEE compared with controls, but no interaction with diet was observed. On HCD, adiponectin levels were higher in selected male, but not female, mice relative to controls. A marked increase in the level of plasma adiponectin was observed on the HFD in selected females, an effect of diet that was not observed in selected males. Genetically based high locomotor activity renders female, but not male, mice resistant to HFD-induced obesity by alterations in behavioral, endocrine and metabolic traits that facilitate fat utilization rather than limiting HFD intake.